| Facilities and equipment
The experimental shed was equipped with plywood sheets. The cages were fixed to wooden panels, arranged in a double-row, stairstepped cage system design on both sides of the room, with 1.5 m length. The galvanized metal wire cages measuring 50 × 50 × 40 cm were equipped with trough type feeders and "nipple" type drinkers.
Water and diet were supplied ad libitum.
| Animals and experimental design
In experiment I, 600 Japanese quails (Coturnix japonica) with an initial mean weight of 8.0 ± 0.3 g/bird were evaluated during the period from 1 to 14 days of age. In experiment II, 480 Japanese quails (initial mean weight of 46.0 ± 0.6 g/bird) were evaluated during the period from 15 to 36 days of age. The quails used in Experiment II (15-36 days old) were not the same as in Experiment I (01-14 days old), but other quails raised in parallel and consuming a basal diet formulated to meet their requirements for such phase.
The quails were distributed in the respective experimental units and they received the treatments according to a completely randomized design, with eight replicates of fifteen quails (Experiment I) and twelve quails (Experiment II) per experimental unit. Experiment I: The diets (Table 1) were formulated to meet the nutritional requirements of quails according to the Table for Japanese and European Quails (Silva & Costa, 2009) , based on the nutritional value of feedstuffs of the Brazilian Poultry and Swine Table (Rostagno et al., 2017) .
The supplementation of L-glycine in diets three (T 3 ) and five (T 5 ) was used to meet the same level as that of control diet (T 1 ) in both phases (from 01 to 14 days and from 15 to 36 days). The supplementation of L-glutamate in diets (T 4 and T 5 ) was enough to correct the amount of total nitrogen (N × 6.25). Therefore, these diets had the same amount of nitrogen as that of control diet (T 1 ) in both phases (from 01 to 14 days and from 15 to 36 days), although in these diets there were 20% (experiment I) or 17.6% (experiment II) of intact crude protein.
At the end of the experimental periods (14th and 36th day), three quails from each experimental unit, according to the mean weight of each plot, were housed in metabolic cages equipped with drinkers and feeders, maintaining the same experimental design.
Plastic-coated metal trays were placed below the cages for excreta collection. The diets were weighed before feeding and a marker (ferric oxide at 2.0%) was added to the diets at the beginning and end of the experiment, to establish the beginning and the end of collections.
The excreta collection lasted three days, with two daily collections TA B L E 1 Centesimal composition of experimental diets for Japanese quails at 8 and 18 hr. At the end of the experiment, the feed intake was recorded, and the diets were stored to calculate the nitrogen balance. The collected excreta were homogenized and a representative sample per experimental plot was taken. The samples were identified and frozen at −20°C for further analysis. Total nitrogen of the feed and excreta samples was quantified (Silva & Queiroz, 2006) . At the end of the experimental period of experiment II (36th day), two quails per experimental unit were slaughtered by cervical dislocation. The viscera and feathers were removed to determine the empty carcass weight, and the carcasses were ground with a mill type Cutter -3 HP, 30 HP, for processing the whole carcass and then ground in a Willey mill with a 0.5 mm sieve for collect representative samples from each experimental unit, which were stored at −20°C to analyse the nitrogen and fat content in the carcass (Silva & Queiroz, 2006) .
| Variables evaluated
The following variables were studied: feed intake (g/bird/day), weight gain (g/bird/day), final weight (g/bird), feed conversion (g/g), nitrogen excretion (%/g of Dry matter (DM)), eviscerated carcass weight (g/bird), fat in the carcass (%/g of DM 2 ).
| Statistical analysis
Statistical analysis was performed using the Statistical Analysis
Software (SAS Institute, 1999 ). The data were tested for normality (Shapiro-Wilk test) and homoscedasticity (Hartley's test).
Data were submitted to the analysis of variance according to the model: Y ij =µ + T i + e ij , where Y ij is the response of each variable evaluated in the i-th treatment and j-th repetition; μ = overall mean;
T i = sum of the effect of the i-th treatment and, e ij =random error associated with the i-th treatment and j-th repetition.
The difference between treatments was verified using orthogonal contrasts. The contrasts were: C 1 = T 1 -T 2 ; C 2 = T 2 -T 3 ; C 3 = T 2 -T 4
and C 4 = T 3 -T 5 . Significances were declared at p < 0.05.
| RE SULTS AND D ISCUSS I ON
The mean temperature and humidity during the experimental period (01-36 days) were 32.2°C and 34.90% for the first phase (01-14 days) and 27.5°C and 55.3% for the second phase (15-36 days of age) respectively.
There is a change in quail performance (01-14 days) by feeding reduced protein diets (25%-20%) and supplementing with limiting essential and non-essential amino acids, glutamate and glycine (Table 2) contrast (T 1-3 vs. T 1-5 ). Therefore, it was observed a reduction in feed intake of 420 and 800 mg bird −1 day −1 respectively. No change in feed intake was observed when the diet was supplemented with
excreted nitrogen (EN -%/g of DM) of Japanese quails from 1 to 14 days of age 
L-glycine (T 1-3 ) compared to diet with supplementation of limiting essential amino acids (T 1-2 ).
A reduced feed intake was also observed in broilers fed reduced protein content levels and supplemented with limiting essential and non-essential amino acids (McGill et al., 2012; Namroud et al., 2008 Namroud et al., , 2010 Yamazaki, Murakami, & Takemasa, 1998) . There was no significant change in the final weight and weight gain of quails fed T 1-3 versus T 1-5 diets, which were supplemented with L-glycine (T 1-3 ) and L-glutamine +L-glycine (T 1-5 ) respectively.
No significant change was observed in feed conversion (Table 2) of quails fed the control diet (T 1-1 ) in relation to those fed the diet supplemented only with limiting essential amino acids (T 1-2 ), corrob- It is verified that the supplementation of the non-specific nitrogen source (L-glutamate) in diets with protein reduction (T 1-4 and T 1-5 ) to promote equal nitrogen content in relation to the control diet TA B L E 3 Feed intake (FI -g bird −1 day −1 ), final weight (FW -g/bird), weight gain (WG -g bird −1 day −1 ), feed conversion (FC -g/g), eviscerated carcass weight (ECW -g/bird), fat content in the carcass (FCC -%/g of DM) and excreted nitrogen (EN -%/g of DM) of Japanese quails from 15 to 36 days of age (T 1-1 ) increases (T 1-2 vs. T 1-4 and T 1-3 vs. T 1-5 ) the nitrogen excretion of quails by 0.10% and 0.08%/g of DM respectively. It is demonstrated that the glycine decreases the nitrogen excretion (Nelson & Cox, 2014) . In this study, the addition of L-glutamate (T 1-4 ) increases the nitrogen excretion (0.10% g −1 DM −1 ), but the dietary supplementation of L-glycine +L-glutamate (T 1-5 ) decreased nitrogen excretion (0.10% vs. 0.08%/g of DM) in absolute terms. It may have decreased because glycine is part of the uric acid metabolism, reducing its need for metabolic synthesis (Nelson & Cox, 2014) . This fact corroborates the efficiency of nitrogen utilization in diets supplemented with Lglycine (Namroud et al., 2008) .
There is a change in quail performance (15-36 days old) when consuming diets with protein reduction (22%-17.6%) and supplemented with essential and non-essential amino acids (Table 3) , except for feed intake.
There was no significant change in final weight, weight gain, feed Extrapolating the comparisons previously made, it is evident that the protein reduction above 4% (22.0% vs. 17.6%) decreases performance if we consider the absolute values of final weight, weight gain, feed conversion and carcass yield of quails fed diets T 2-3 , T 2-4 and T 2-5 . In addition, all these above-mentioned diets had a reduction of dietary crude protein from 22.0% to 17.6%, which was above four percentage points. Although such statements were not statistically compared, we observe the same behaviour between T 2-1 versus T 2-2 .
In that case, it was statistically verified that the protein reduction decreases quail performance even in diets with supplementation of limiting essential amino acids, correction of the electrolyte balance and the total nitrogen content.
There was a change in fat (%) in carcass and nitrogen excretion in quails (15-36 days of age) fed diets with protein reduction (from 22.0% to 17.6%) and supplemented with essential and non-essential amino acids (Table 3) .
A significant difference was observed for all the contrasts evaluated in relation to fat percentage in quail carcasses. Quails fed diets without protein reduction (T 2-1 ) and with protein reduction and supplementation of limiting essential amino acids (T 2-2 ) had increased fat content in carcass, which was already expected. In general, broilers had lower energy requirements for maintenance when fed diets based on the ideal protein concept due to the lower total nitrogen load in the diet, and part of this energy can be directed towards fat accumulation (Bregendahl et al., 2002; Vasconcellos et al., 2012) . The same response in regard to nitrogen excretion was observed during the starter phase (1-14 days of age). The addition of L-glutamate increases nitrogen excretion. On the other hand, the supplementation of L-glycine reduces it, since this amino acid is part of the uric acid metabolism and its addition saves the animal's body from metabolizing other amino acids for glycine synthesis (Nelson & Cox, 2014 ). This fact is confirmed by comparing the diet supplemented with L-glycine +L-glutamate (T 1-5 ) with the diet supplemented only with L-glutamate (T 1-4 ). In that case, glycine reduced nitrogen excretion in quails from 0.422 to 0.382%/g DM, in absolute terms. It corroborates the efficiency of nitrogen utilization in diets supplemented with L-glycine (Namroud et al., 2008) .
Considerations on broiler and laying hen performance were made by some authors in experiments that sought to verify the reduced performance in broilers fed diets with a protein reduction above four percentage points. It is evident that reducing the dietary crude protein by up to four percentage points and supplementing with limiting essential amino acids does not alter broiler performance. However, drastic reductions in protein levels, over four percentage points, can compromise animal performance (Aftab et al., 2006) .
Some hypotheses for the reduced performance have been discussed, such as: reductions in dietary potassium intake and changes in electrolyte balance (Vieira et al., 2015) ; changes in the ratio between essential and non-essential amino acids (Waldroup et al., 2005a) ; increases in serum ammonia concentrations (Namroud et al., 2008) , indicating an imbalance between amino acids; reductions in serum levels of triiodothyronine and thyroxine (Namroud et al., 2010) ; and changes in intestinal transporters (Corzo et al., 2011) .
The reduced feed intake and, therefore, animal performance (weight gain, final weight, nitrogen excretion, and fat in the carcass) may be caused by changes in plasma amino acid profile, leading to the activation of appetite regulation pathways (Harper, Benevenga, & Wohlhueter, 1970) . It may have compromised the nutrient supply, reducing the productive potential of quails. However, this theory was challenged by Yoshida (1970) and Noda (1975) , who suggested that the plasma ammonia concentrations as the cause of the reduced feed intake. The production of these metabolites increases in broilers fed diets with amino acid imbalances, or with high free amino acids; once in excess, amino acids are deaminated and ammonia needs to be converted to uric acid for excretion (Nelson & Cox, 2014) .
In this sense, Namroud et al. (2008) reduced the crude protein level (from 23% to 17%) in diets for broilers, supplemented with essential and non-essential amino acids (glycine and glutamate).
The authors observed that broilers fed diets with 19% and 17% crude protein and with 10% of essential amino acids in excess had higher plasma ammonia concentrations. Broilers fed diets with 17%
crude protein and supplemented with L-glycine and L-glutamate had increased ammonia levels, but to a lower extent. The results of Namroud et al. (2008) confirm the premise that excess ammonia in the blood reduces feed intake and, consequently, compromises the performance of commercial poultry. It may have happened in this experiment in both phases, since quails fed diets with L-glutamate and/ or L-glutamate +L-glycine had lower feed intake (Table 2) , possibly because of the excess free nitrogen, even though this comparison was made in absolute values, from 15 to 36 days (Table 3) . Carew et al. (1998) and Sun et al. (2006) reported that the reduction in feed intake and performance may be caused by changes in serum levels of triiodothyronine and thyroxine. When studying the protein reduction and supplementation of L-glycine and L-glutamate in broiler diets, Namroud Shivazad Zaghari and Zare Shahneh (2010) observed a reduction in thyroxin levels. This led to reduced broiler performance and increased fat content in carcasses, the same response evidenced in the present study.
Another theory for the reduced performance in broilers fed diets with crude protein reduction above four percentage points is related to a likely decrease in the concentration of intestinal amino acids transporters (Corzo et al., 2011; Nyachoti et al., 2006; Tuitoek et al., 1997) . In the present study, quail performance was worsened by reducing the dietary protein from 22% to 17.6%. Wu et al. (2015) studying female piglets (Duroc × Landrace × Yorkshire) at 28 days fed diets with a crude protein reduction from 20 to 17 or 14%, observed a decrease in the number of transporters in the jejunum in both treatments with reduced protein levels. Such evidence may be related to the fact that, in the present experiment, the dietary crude protein reduction from 22% to 17.6% of Japanese quails has affected quail performance.
In conclusion, the supplementation of L-glutamate and L-glycine to quails fed diets based on the ideal protein concept, with a protein reduction from 25% to 20% (01-14 days) and from 22% to 17.6%
(15-36 days), is not necessary. The protein reduction with supplementation of only the limiting essential amino acids does not affect quail performance. The dietary addition of L-glycine reduces nitrogen excretion. 
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